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Abstract. In the course of the Hamburg/ESO survey we have discovered a white dwarf whose spectrum exhibits many simi- 
larities with the prototype of magnetic white dwarfs Grw+70°8247. In particular several stationary line components indicative 
for magnetic fields between about 150 and 400 MG are found in both objects. However, the features between 5000 and 5500 A 
in the spectrum of HE0241-0155 cannot be explained by stationary line components and demand a relatively homogeneous 
magnetic field with clustering around 200 MG. For this reason a pure dipole model failed to reproduce this spectral region. An 
offset-dipole configuration led to some improvement in the fit but a good agreement was only possible for a geometry - de- 
scribed by an expansion into spherical harmonics - where most of the surface is covered with magnetic field strengths strongly 
clustered around 200 MG. This may indicate the presence of a large magnetic spot whose presence could be tested with time 
resolved spectro-polarimetry. 
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A few percent (5%) of all known white dwarfs have detectable 
magnetic fields, and the true fraction may be as high as 10 % 
if selection effects are taken into account (Harris et al. 2003). 
However, the number of white dwarfs with field strengths 
above 100 MG, where the spectral line pattern is no longer 
similar to normal H or He I spectra, is still small, and each 
star is unique. Most of these stars have been detected serendip- 
itously during follow-up spectroscopy by surveys designed for 
other purposes, e.g. quasar surveys like the Palomar-Green 
Survey (Schmidt & Green 1983) or the Hamburg/ESO sur- 
vey (Wisotzki et al. 1996, Reimers & Wisotzki, 1997). The 
first star of this type was GrwH-70° 8247, whose unique spec- 
trum was first observed by by Minkowski (1938). Its shallow 
spectral features resisted a physical identification for decades. 
Kemp (1970), following an idea by J. Landstreet, proposed that 
a magnetic field would produce circular dichroism, and dis- 
covered circular dichroism in GrwH-70° 8247. Only progress in 
quantum mechanical calculations of the hydrogen energy lev- 
els in strong magnetic fields made possible an identification 
(Praddande, 1972, Rosneret al. 1984). Details of the GrwH-70° 
8247 spectrum and its interpretation are given by Greenstein 
(1984), Angel et al. (1985) and Wickramasinghe & Ferrario 
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(1988). In this letter we report on the serendipitous discov- 
ery of a near "twin" to GrwH-70°8247 in the course of the 
Hamburg/ESO survey. We give a physical interpretation of its 
spectra using Jordan's code (Jordan, 1988, 1992, Euchner et al. 
2002) in terms of de-centered magnetic dipole fields and we 
briefly discuss the remaining discrepancies between observa- 
tions and theory. 

2. Observations 

HE 0251-0155 has been discovered as a quasar candidate 
within the Hamburg/ESO (HE) Survey (Wisotzki et al. 1996, 
Reimers & Wisotzki, 1997). The journal of spectroscopic ob- 
servations with ESO telescopes is given in Tab. 1 . Wavelength 
and flux calibration followed standard procedures. From the 
two available spectra (shown in Fig. refobservation) there is no 
evidence for variability so far. Coordinates are RA 2'^44™22!0 
Dec -Gl°42'41" (equinox 2000.0, epoche 1982.783), bright- 
ness is B = 16.7. 



Table 1. Journal of observations 



Date 



Tel./Instrument 



13/9/98 
28/11/98 



1.52/B &C 
1.54/DFOSC 



Resolution 
15 A 
5A 



Exp. time 



6 mm 
30 min 



Prominent broad absorption lines are seen at 4060, 4170, 
4280, 4435, 4690, 5093, 5220, 5390, and 5830 A . Further 
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Fig. 1. Observed spectra of HE0241-0155 compared to the po- 
sition of the hydrogen line components. The upper spectrum 
(obtained 28/1 1/98) with a resolution of 5 A has been smoothed 
(second curve) in order to match the 15 A resolution of the 
lower spectrum (13/9/98). The main features arise from mag- 
netic field strengths of about 200 MG (marked with circles) and 
are not in all cases due to stationary line components. In or- 
der to identify the telluric features a spectrum of HD7041 by 
Stevenson (1994) observed at an airmass 1.7 is shown 



lines in the red are at 6780, 7310 and 8300 A (Fig^. Note, 
however, that the features in the red are partly contaminated 
by telluric features, which can be identified by the comparison 
spectrum of HD7041 taken by Stevenson (1994) at high air- 
mass, also shown in Fig.^ A comparison with known magnetic 
white dwarfs shows its obvious similarity with GrwH-70°8247 
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Fig. 2. Best fit for a magnetic field geometry described by an 
expansion into spherical harmonics up to / = 4 with m ~ 
(convolved with a 5 A Gaussian and plotted over the low reso- 
lution spectrum, second curve from below), a pure dipole field 
(lower curve), and a dipole with an offset along the magnetic 
field axis (second curve from above). For comparison the up- 
per curves shows the high resolution spectrum together with 
the best fit model convolved with a Gaussian of 5 A 

which is a DA with a 320 MG dipole field according to 
Wickramasinghe & Ferrario (1988) and Jordan (1989). 

3. Interpretation and discussion 

The efficiency in modeling the spectra and polarization data of 
magnetic white dwarfs has considerably improved due to two 
factors: Firstly, instead of solving the radiative transfer equa- 
tions on thousands of surface elements on the star for each 
model, databases for flux and polarization spectra computed for 
a wide range of field strengths, viewing angles, and effective 
temperatures are used. Secondly, either evolutionary strategies 
or genetic algorithms, and a subsequent downhill simplex algo- 
rithm (Press et al., 1992) are used in order to find the best fit to 
the observations. The approach used in this paper is very sim- 
ilar to the one described by Euchner et al. (2002) with the ex- 
ceptions that a genetic algorithm (Caroll 2001) has been used, 
more viewing angles (12 instead of 9), and an interpolation (12 
II angles) instead of a linear approximation are used. 

If a pure magnetic dipole is assumed, the best fit (Fig.|3 
to the observed data was obtained for a polar field strength 
of 398 MG, with the dipole axis oriented almost (i = —86°) 
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Fig. 3. Distribution of the absolute values of the magnetic field 
strength over the observed hemisphere predicted by the three 
best fit models: the dipole model (thick line), the off-set dipole 
model (medium), and the the expansion into spherical harmon- 
ics (thin) up to Z = 4 (to = 0) 



perpendicular to the observer, and an effective temperature of 
12000K. However, this model fails to account for the fea- 
tures at 5093, 5218, and 5287 A. These features do not cor- 
respond to any stationary line component in any reasonable 
range of magnetic field strengths; the closest agreement would 
have the 4f_i — > 2s0 components with a maximum at 5119 A 
and 61 MG. The wavelengths of stationary line components 
go through maxima or minima as functions of the magnetic 
field strength; they are visible in the spectra of magnetic white 
dwarfs despite a considerable variation of the field strengths as 
in the case of a pure magnetic dipole (where the field strength 
is a factor of two higher at the pole than at the equator, and 
the distribution of the magnetic field strengths over the visible 
stellar surface is relatively flat (see Fig.|3j- 

As indicated by the circles in Fig^ the features missing in 
the fit could be due to a relatively homogeneous field of about 
200 MG. One possibility to describe a field distribution where 
the majority of the surface is covered by a magnetic field close 
to 200 MG is a dipole field with a large offset of the dipole rela- 
tive to the center of the star. Although the total variation of field 
strengths is larger in this case, more magnetic field strengths 
cluster around one relatively homogeneous magnetic field on 
one pole. 



The best fit for an offset dipole (only offsets along the mag- 
netic axis are considered) is obtained for the same polar field 
strength (399 MG) and the same orientation (i = —86°), but 
for an offset of 0.16 stellar radii away from the observer. The 
histogram Fig.|3]shows the effect: The magnetic field strengths 
are now even more strongly peaked at 200 MG and the vast ma- 
jority of surface elements has a magnetic field between 200 and 
250 MG. The resulting fit (upper curve of Fig.|3 has improved 
considerably, and particularly the missing three line features 
are now visible - although still somewhat too shallow - in the 
theoretical model. 

Finally, a more general approach, an expansion of the mag- 
netic field into spherical harmonics, assuming that the source 
of the magnetic field lie entirely within the star (Jacobs 1987): 



Bj- = 
Be = 
Bcb — 



- EZi ELo(^ + l)(3r COSTO0 + hr sinm</.) 

P,'"(cos6') 

'EZi J2L=o(9r cosm0 + hY" sinm0) 

dPi"" {cos 9) /de 

- E^i EL=o "^(5™ cos mcj) + sin mcj)) 
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with the associated Legendre polynomials P™. The compo- 
nents are given in spherical coordinates r, 9, and (j). For this 
paper we limited ourselves to / < 4 and to = 0, leading to 4 
free parameters beside the orientation of the magnetic axis rel- 
ative to the observer. Any attempt to account for the 20 to 7^ 
parameters, did only slightly improve the solution. Since no po- 
larization data additionally constrain the distribution of the lon- 
gitudinal component of the magnetic field, we present only the 
best fit for m = 0: = 172MG, g§ = 74MG, g§ = 0.3MG, 
gl = -0.1 MG, audi = -97°. 

Fig.Eshows now that the overall agreement between obser- 
vation and theoretical fit is almost perfect. The corresponding 
histogram is now even stronger peaked around 200 MG. 

It is clear that the limitation to spectra without polariza- 
tion data cannot lead to a unique solution. All distributions 
that cluster around 200 MG should lead to similar results. Such 
a strong clustering could be a hint for a magnetic spot with 
a relative homogeneous magnetic field covering a large por- 
tion of the visible hemisphere, as discussed for the magnetic 
white dwai-fs PG 1031H-234 (Latter et al. 1987) and RE 0317- 
853 (Vennes et al. 2003). The origin of such a spot-like feature, 
is however unclear although star spots have been found on the 
possible progenitors of magnetic white dwarfs, the Ap stars, 
where the spots are connected to abundance anomalies and can 
be detected via Doppler imaging (Khokhlova et al. 1986, Rice 
& Wehlau 1994). 

An extremely homogeneous field was also found in phase- 
resolved low-state spectra of the polar MR Ser. Schwope et al. 
(1993) revealed a strongly decentered dipolar (zos ~ 0.3 stel- 
lar radii). 

However, it must be pointed out that in Ap stars, which 
also have fossil magnetic fields, low order multipole expan- 
sions describe statistical aspects of overall field geometry, but 
do not provide a realistic representation of the actual distribu- 
tion of field vectors over the surface; the latter would be more 
constrained by observations of circular polarization. Therefore, 
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our solution only means that the field modulus is quite uniform 
and large over the visible hemisphere of the star The relatively 
small region with a higher field modulus does not strongly con- 
tribute to the strength of the line features. 

In the framework of multipole exansions Muslimov et al. 
(1995) have shown that a weak quadrupole (or octupole, etc.) 
component on the surface magnetic field of a white dwarf may 
survive the dipole component und specific initial conditions: 
Particularly the evolution of the quadrupole mode is very sen- 
sitive (via Hall effect) to the presence of internal toroidal field. 
For a 0.6 Mq white dwarf with a toroidal fossil magnetic field 
of strength < 10^ G the dipole component declines by a factor 
of three in 10^ yr, while the quadrupole component is practi- 
cally unaffected. Without an internal toroidal field the dipole 
component still declines by a factor of three but the quadrupole 
component is a factor of six smaller after lOGyr This is much 
longer than the cooling age of a 12000K white dwarf, which 
well under 1 Gyr for 0.6 Mq and larger than 3 Gyr only for 
masses larger than 1.2 Mq. 

Whether spot-like structures could also survive for the long 
cooling time of white dwarfs has to be investigated theoreti- 
cally. 

If a magnetic spot is indeed present a strong tempo- 
ral variation of the spectrum and particularly the polariza- 
tion is expected, if the star is rotating. However, no signifi- 
cant differences could be found between the spectra taken in 
September, 1998 and November, 1998, respectively. This may 
be an indication for only slow rotation as known in the case 
of GrwH-70°8247 where a rotational period of decades or cen- 
turies is possible (Schmidt & Nors worthy 1991, Friedrich & 
Jordan 2001). Therefore, a more detailed analysis and a deci- 
sion whether a spot is present has to wait until time resolved 
spectro-polarimetry of this object becomes available. 
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